Background & Summary {#Sec1}
====================

An estimated 15,780 children in the United States will be diagnosed with cancer in 2019^[@CR1]^. While 80% of pediatric cancer patients overcome this disease, 20% of children do not survive, and survivors often have multiple side effects of therapy^[@CR1]^. Neuroblastoma accounts for more than 7% of malignancies in patients under 15 years of age and approximately 12% of all pediatric cancer-related deaths (for review see^[@CR2]^). Neuroblastoma shows wide phenotypic variability, with tumors arising in children diagnosed under the age of 18 months often spontaneously regressing with little or no treatment, but patients diagnosed at an older age or with unfavorable genomic features often showing a relentlessly progressive and widely metastatic disease pattern despite intensive, multimodal therapy (for review see^[@CR2]--[@CR4]^). Ninety-eight percent of low-risk neuroblastoma disease are currently cured^[@CR5]^, however, the survival rate for patients with high-risk neuroblastoma remains less than 50%^[@CR6]^. Relapsed high-risk neuroblastoma is typically incurable^[@CR7]^, and thus these children require improved therapeutic options.

A major prognostic factor predicting the severity, risk, and inferior outcome for neuroblastoma patients is amplification of the proto-oncogene *MYCN*. *MYCN* amplification occurs in nearly 20% of all neuroblastomas, and approximately 50% of patients with high-risk disease^[@CR8],[@CR9]^. It is a truncal genomic event, and typically stable across the spectrum of therapy and disease recurrence. MYCN, along with structural and binding homologues MYC and MYCL, are members of the MYC transcription factor family^[@CR10]^ and have been implicated in transcriptional regulation of proteins involved in cell growth^[@CR11]^, proliferation^[@CR12]^, and ribosome biogenesis^[@CR12]^. Mounting evidence has also indicated that MYCN and MYC are functionally redundant^[@CR13]--[@CR15]^. However, the protein expression of MYC and MYCN appears to be mutually exclusive. For example, neuroblastoma tumors with *MYCN* amplification typically lack or have low *MYC* mRNA expression^[@CR9]^. The strong influence of MYCN on the progression and metastasis of neuroblastoma makes it a key target for therapy, but due to its global transcriptional activity, it is necessary to develop a better understanding of which of its gene targets directly influence oncogenesis.

To better understand the regulatory effects of MYC family proteins in neuroblastoma, we performed ChIP-Seq data for MYCN in six neuroblastoma cell lines with *MYCN* amplification, MYC in four neuroblastoma cell lines without *MYCN* amplification, and H3K27Ac, H3K27me3, H3K4me1, and H3K4me3 histone modifications along with ATAC-Seq in all ten neuroblastoma cell lines (with ATAC data in four additional lines also reported here). All of the cell lines here also have RNA sequencing data freely available^[@CR16]^.

Methods {#Sec2}
=======

Online Table [1](#Tab3){ref-type="table"} summarizes which assays were performed for each cell line, and an overview of the workflow is shown in Fig. [1](#Fig1){ref-type="fig"}.Fig. 1Experimental workflow. (**a**) Cells were thawed, grown, and expanded until 70--80% confluency in a 150 mm dish. (**b**) For ChIP-Seq, cells were fixed, collected, and frozen (N = 1 biological replicate per cell line). Libraries were prepared, sequenced, and data analyzed. (**c**) For ATAC-Seq (n = 14 samples with n = 2 biological replicates), cells were incubated in a transposition reaction, DNA was purified, and amplified with limited PCR. Libraries were prepared, sequenced, and analyzed. Diagram was created using Servier Medical ART (<https://smart.servier.com/>).

Cell growth and expansion {#Sec3}
-------------------------

The cell lines used to collect this data were obtained from multiple sources: the Children's Oncology Group (COG) Cell Culture and Xenograft Repository at Texas Tech University Health Sciences Center ([www.cccells.org](http://www.cccells.org)), the American Type Culture Collection (Manassas, MA), or the Children's Hospital of Philadelphia (CHOP) cell line bank. All of the cell growth and preparations were done at CHOP. The neuroblastoma cell lines were cultured using media (Table [1](#Tab1){ref-type="table"}) and methods as previously described^[@CR16]^. Briefly, cells were thawed by floating in a 37 °C water bath for 2--3 minutes. Cells were then added to a 15 mL conical tube, containing 5 mL of the appropriate growth media, and centrifuged at 300 × *g* for 5 minutes at room temperature (RT). Media was then carefully aspirated off, and the pelleted cells were resuspended in 1 mL of media before being transferred to a 75 mm2 flask containing 10 mL of growth media. Cells were incubated at 37 °C with a 5.0% CO~2~ concentration. When cells reach 70--80% confluency, media was aspirated off and cells were gently washed with 1X PBS. Following aspiration of the PBS, 3 mL of the appropriate detachment solution (noted in Table [1](#Tab1){ref-type="table"}) was added and the flask was incubated at 37 °C for 2--5 minutes. Cells were then gathered by tilting the plate at a 45° angle and washing with at least 4 mL of the appropriate growth media, and transferred to a 15 mL conical. After centrifugation for 5 minutes at 300 × *g*. Media was aspirated off, and the pellet was resuspended in 1 mL of growth media and transferred to a 150 mm cell culture dish containing 19 mL of growth media. Cells were incubated at 37 °C with a 5.0% CO~2~ concentration until reaching 70--80% confluency. Necessary materials and reagents are listed in Online Table [2](#Tab4){ref-type="table"}.Table 1Neuroblastoma cell line information.Cell LineOrganismCancer HistologyMatched PDXMYCN StatusGrowth MediaDetachment MethodCOG-N-415Homo sapiensNeuroblastomaCOG-N-415xAmplifiedIMDM, 20% FBS, 2 mM L-glutamine, 1:1000 ITS Premix Supplement0.02% VerseneKELLYHomo sapiensNeuroblastomaN/AAmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.02% VerseneLA-N-5Homo sapiensNeuroblastomaN/AAmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.02% VerseneNB-1643Homo sapiensNeuroblastomaNB-1643AmplifiedIMDM, 20% FBS, 1% Penicillin/Streptomycin, 2 mM L-glutamine0.02% VerseneNB-69Homo sapiensNeuroblastomaN/ANon-AmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.02% VerseneNB-LSHomo sapiensNeuroblastomaN/ANon-AmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.02% VerseneNGPHomo sapiensNeuroblastomaN/AAmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.02% VerseneSK-N-ASHomo sapiensNeuroblastomaSK-N-AS (xenograft)Non-AmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.05% Trypsin/EDTASK-N-BE(2)-CHomo sapiensNeuroblastomaN/AAmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.02% VerseneSK-N-FIHomo sapiensNeuroblastomaN/ANon-AmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.02% VerseneSK-N-SHHomo sapiensNeuroblastomaN/ANon-AmplifiedRPMI 1640, 10% FBS, 1% Penicillin/Streptomycin, 2 mM L-Glutamine0.05% Trypsin/EDTAListed are the cell lines used in this study, their MYCN amplification status, and culturing media information.

Immunoblotting {#Sec4}
--------------

Whole cell lysates were prepared using a mixture of cell lysis buffer (Cell Signaling, \#9803), PSMF (Cell Signaling, 8553S), Phosphatase Inhibitor Cocktail 2 (P5726, Sigma Aldrich), Phosphatase Inhibitor Cocktail 3 (P0044, Sigma Aldrich), and PBS (Gibco, 14190--136). Cells were resuspended in lysis buffer and kept on ice for 15 minutes. Cells were then spun at *14,000* × *g* at 4 °C for 15 minutes. The supernatant was collected and protein concentration was quantified using the Pierce BCA Protein Assay kit (Thermo Scientific, \#23225). Next, 20 μg of protein was loaded using 4X Laemmli sample buffer (BioRad, \#1610747) and separated on a 4--15% Criterion™ TGX™ Precast Midi Protein Gel (\#5671085), and transferred to an Immobilon Membrane (Cat No. IPVH00010, 0.45 μm pore size). The membrane was blocked in 5% non-fat milk in Tris-buffered saline and Tween-20 (TBS-T) at room temperature for one hour. Incubation with primary antibody was overnight, rocking at 4 °C. Membranes were then washed three times for 10 mins in TBS-T, and then incubated with HRP-labeled Rabbit secondary antibody at room temperature for one hour (1:2000--1:5000; Millipore, AP132P). The membranes were then developed using chemiluminescence (SuperSignal West Femto, Thermo Fischer Scientific). The primary antibodies used were: N-MYC (1:1000; Cell Signaling, \#9405S), MYC (1:800; Cell Signaling \#5605), and β-Actin (1:5000; Cell Signaling, \#4967S).

ChIP-Seq protocol {#Sec5}
-----------------

The ChIP-Seq Protocol is separated into four sections: Cell Fixation, Chromatin Immunoprecipitation (ChIP) and Library Preparation, Library Sequencing, and ChIP-Seq Analysis. Of note, the MYCN ChIP-Seq for Kelly and NGP cell lines was performed using a varied procedure and is noted in a separate section within this protocol. Necessary materials and reagents are listed in Online Table [2](#Tab4){ref-type="table"}.

### Cell fixation {#Sec6}

Cells were grown as described in Cell Growth and Expansion section of protocol to 70--80% confluence in 150 mm tissue culture plates in 20 mL of media. The Formaldehyde solution (Online Table [2](#Tab4){ref-type="table"}) was freshly prepared. Cells were removed from incubation and 1/10th of the growth media volume of the Formaldehyde Solution was added to the existing media in the plate (i.e. if the current volume of the plate is 20 mL of media, 2 mL of Formaldehyde Solution would be added). The solution was gently swirled, and then rocked at RT for 15 minutes. To stop the fixation, 1/20th the current volume of the Glycine Solution (Online Table [2](#Tab4){ref-type="table"}) was added to the plate (i.e. if the current volume in the plate is 22 mL then 1.1 mL of Glycine Solution should be added). The plate was gently swirled to mix, and then allowed to sit at RT for 5 minutes. Following this incubation, a cell scraper was used to collect the cells, and then all cells and solution were transferred to a 50 mL conical on ice. From this point forward, all samples were kept on ice. The 50 mL conical was centrifuged at 800 × *g* at 4 °C for 10 minutes to pellet the cells. Supernatant was removed and discarded, and the cells were resuspended with 10 mL of chilled, sterile PBS. Centrifugation of the tube at 800 × *g* at 4 °C for 10 minutes was repeated. The supernatant was removed and discarded, and the cells were resuspended with 10 mL of chilled, sterile PBS with 100 uL of PMSF. The tube was centrifuged at 800 × *g* at 4 °C for 10 minutes, the supernatant was removed, and then the cells were snap frozen on dry ice and stored at −80 °C. The cells were then shipped to Active Motif on dry ice following the instructions listed at on the Sample Submission Form, downloaded from [www.activemotif.com/sample-submission](http://www.activemotif.com/sample-submission).

### ChIP and library preparation by active motif {#Sec7}

Chromatin immunoprecipitation was completed by Active Motif. Full methods are proprietary. Chromatin was isolated using a lysis buffer and membranes were disrupted with a dounce homogenizer. The lysates were then sonicated with Active Motif's EpiShear probe sonicator (\#53051) and cooled sonication platform (\#53080) to an average fragment length 300--500 bp. A portion of the sample was collected as the Input DNA, treated with RNase, proteinase K, and incubated to reverse crosslinking. The DNA was then collected by ethanol precipitation. The Input DNA was resuspended and concentration was quantified by a NanoDrop spectrophotometer. Extrapolation of this concentration to the original chromatin volume allowed for quantitation of the total chromatin yield. Aliquots of the fixed chromatin were used in the immunoprecipitation were precleared with protein A agarose beads (Invitrogen, \#15918014). Genomic DNA regions of interest were isolated using specific ChIP antibodies (Online Table [2](#Tab4){ref-type="table"}). Antibody DNA complexes were isolated using additional protein A agarose beads, and the crosslinked DNA, antibody, and bead complexes were washed. The cross-linked DNA was eluted from the beads with SDS buffer, and subjected to RNase and proteinase K treatment. Reverse crosslinking was done in an overnight incubation at 65 °C, and ChIP DNA was purified with a phenol-chloroform extraction and ethanol precipitation.

Illumina sequencing libraries were prepared from the ChIP and Input DNAs using the standard consecutive enzymatic steps of end-polishing, dA-addition, and adaptor ligation using Active Motif's custom liquid handling robotics pipeline. Samplers were amplified with a 15 cycle PCR amplification and then quantified before being shipped to the Jefferson Cancer Genomics Laboratory at the Kimmel Cancer Center for sequencing.

### MYCN ChIP-Seq: Kelly and NGP cell lines {#Sec8}

Chromatin immunoprecipitation was performed on adherent cells as described in Bosse *et al*.^[@CR17]^. Of note, a different MYCN antibody was used than listed in Bosse *et al*., 2017 (Santa Cruz B8.4B, sc-53993). Cells were grown as described in Cell Growth and Expansion section of protocol to 70--80% confluence in 150 mm tissue culture plates in 20 mL of media. To the existing media, 415 mL of 37% formaldehyde (final concentration of 0.75%) was added, and rocked for 10 minutes at RT. To this, 1.5 mL of 2.5 M glycine (Online Table [2](#Tab4){ref-type="table"}) (final concentration of 0.18 M) was added to inactivate the formaldehyde, and the plate was rocked for an additional 5 min. Cells were lysed with a volume of FA Lysis Buffer (Online Table [2](#Tab4){ref-type="table"}) equivalent to 5 pellet volumes. Beads were washed 3 times in ChIP Wash Buffer (Online Table [2](#Tab4){ref-type="table"}) and one time with Final Wash Buffer (Online Table [2](#Tab4){ref-type="table"}). Libraries were constructed using NEB Ultra Kit following the manufacturer's instructions. Libraries were sequenced as single-end, 50 bp reads on a MiSeq to a depth of \~50 M reads by the Children's Hospital of Philadelphia Nucleic Acid and PCR Core.

### ChIP library sequencing for ChIP {#Sec9}

Sequencing was conducted by the Jefferson Cancer Genomics Laboratory at the Kimmel Cancer Center. Samples were quality control tested using an Agilent High Sensitivity Screen Tape to determine average fragment length. The concentration of each library was measured using a High Sensitivity Qubit Quantification kit, and samples were diluted to an appropriate amount for the loading protocol (4 nM or less). Samples were normalized to the same nanomolar concentration, and libraries were pooled together in equal amounts. Samples were diluted to 1.51 pM in Low EDTA TE Buffer. Samples were then sequenced as single-end, 75 bp reads to an average depth of \~30 M reads on a NextSeq. 500.

ATAC-Seq protocol {#Sec10}
-----------------

The following ATAC-Seq protocol was adapted from Buenrostro, *et al*.^[@CR18]^. This protocol consists of four parts: Cell Preparation, Transposition Reaction and Purification, PCR Amplification, qPCR, and Library Preparation. Primer 1 and Primer 2 were custom synthesized by Integrated DNA Technologies (IDT), using sequences provided in Buenrostro, *et al*., 2015. Note: ATAC-Seq for NB-69 and NGP was performed using a slightly varied procedure and is noted in a separate section.

### Cell preparation {#Sec11}

Cells were grown as described in Cell Growth and Expansion section of protocol to 70--80% confluence in a 75 mm^2^ tissue culture flasks in 10 mL of media. Following detachment and pelleting, cells were resuspended in 1.0 mL of the appropriate growth media. Cells were triturated until they were in a homogenous single-cell suspension. Using an automated cell counter, the volume for 500,000 cells was determined and aliquoted into a sterile 1.5 mL Eppendorf tube containing 500 μL of sterile 1X PBS. Cells were centrifuged at 500 × *g* for 5 minutes at 4 °C. The supernatant was carefully aspirated, and the cells were resuspended in 500 mL of sterile 1X PBS. Centrifugation was repeated and cells were resuspended in 500 mL of cold lysis buffer by gently pipetting up and down, and then immediately centrifuged at 500 × *g* for 10 minutes at 4 °C. The supernatant was carefully removed and discarded. The pellet was immediately resuspend in 50 μL of nuclease free water by gently pipetting up and down, and the protocol immediately continued on to Transposition Reaction and Purification section.

### Transposition reaction and purification {#Sec12}

The pellet was placed on ice. The following reagents were prepared and combined: transposition reaction mix (25 μL TD (2X reaction buffer from Nextera Kit), 2.5 μL TDE1 (Nextera Tn5 Transposase from Nextera Kit), 17.5 μL nuclease-free water, and 5.0 μL of resuspended DNA/protein from the final step in *Cell Preparation* (resuspended pellet in 50 μL of nuclease free water). The transposition reaction was incubated in a thermocycler at 37 °C for 30--35 minutes. The reaction was immediately purified using Qiagen MinElute PCR Purification Kit, and the transposed DNA was eluted in 10.5 μL of elution buffer (Buffer EB from the MinElute Kit consisting of 10 mM Tris-Cl (pH 8)). The eppendorf tube containing purified DNA was parafilmed, and stored at −20 °C. *NOTE:* This can act as a good stopping point, however these DNA fragments are not PCR amplifiable if melted at this point.

### PCR amplification {#Sec13}

Primer sequences are shown in Table [2](#Tab2){ref-type="table"}. To amplify the Transposed DNA, the following were combined into a 0.2 mL PCR tube: 10 μL transposed DNA, 10 μL nuclease-free H~2~O, 2.5 μL 25 mM PCR Primer 1 (Ad1), 2.5 μL 25 mM Barcoded PCR Primer 2 (Ad2.X, X being the unique number of samples), and 25 μL NEBNext High-Fidelity 2X PCR Master Mix. The thermal cycle was as follows:$$\documentclass[12pt]{minimal}
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The five minute extension in the first cycle is critical to allow extension on both ends of the primer after transposition, thereby generating amplifiable fragments. This ensures that downstream quantitative PCR (qPCR) quantitation will not change the complexity of the original library.

### qPCR {#Sec14}

To reduce the GC and size bias in PCR, the appropriate number of PCR cycles (N) was determined using qPCR, allowing us to stop prior to saturation. The samples were kept in the thermocycler following the PCR Amplification reaction, and the qPCR side reaction was run. In a 0.2 mL PCR tube the following were added: 5 μL of DNA PCR amplified DNA, 2 μL of nuclease free H~2~O, 1 μL of 6.25 mM Custom Nextera PCR Primer (Ad1), 1 μL of 6.25 mM Custom Nextera PCR Primer 2 (Ad2.X), 1 μL 9X SYBR Green I, and 5 μL NEBNext High-Fidelity 2X PCR Master Mix. This sample was run in the qPCR instrument with the following cycles:$$\documentclass[12pt]{minimal}
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To calculate the additional number of cycles needed, a linear plot of Rn versus cycle was generated. This determined the cycle number (N) that corresponds to one-third of the maximum fluorescent intensity.

The remaining 45 mL PCR reaction was run to the cycle number (N) determined by qPCR. Cycles are as follows:$$\documentclass[12pt]{minimal}
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The amplified library was purified using Qiagen MinElute PCR Purification Kit after the additional PCR. The purified library was eluted in 20 μL of elution buffer (Buffer EB from the MinElute Kit consisting of 10 mM Tris-Cl (pH 8)). It is important to make sure that the column is dry prior to adding elution buffer to avoid ethanol contamination of final library. The amplified library was purified using AMPure XP beads at a 1.8x ratio to get rid of adapter dimers, using 80% ethanol for the wash steps. Sample was eluted in 50 μL of nuclease free H~2~O. The concentration of the DNA eluted from the column should be about 30 nM.

### Library preparation {#Sec15}

The quality of the purified libraries was assessed using a Bioanalyzer High-Sensitivity DNA Analysis kit (Agilent). If libraries contained predominant peaks around 1000 bp, SPRI beads were used to remove these fragments. This was accomplished by first, with a new vial of SPRI beads, performing size selection with various ratios to ensure larger peaks are removed. For example, ratios could include 0.4X, 0.45X, 0.5X. Choose the ratio that removes 1000 bp fragments, but leaves 800 bp fragments. Libraries were eluted in 20 μL of nuclease-free water, and sequenced as described below.

### Sequencing for ATAC-Seq by Beijing Genomics International (BGI) {#Sec16}

Sequencing was conducted by Beijing Genomics International at the Children's Hospital of Philadelphia. Samples were quality control tested using an Agilent High Sensitivity Screen Tape to confirm average fragment sizes were \~180, 380, 580, 780, and 980 bp. The concentration of each library was measured using a High Sensitivity Qubit Quantification kit, to ensure they were 5.5 nM. Samples were normalized and libraries were pooled together in equal amounts. Samples were then sequenced as paired-ends, 100 bp to an average depth of 80 M reads on a HiSeq. 2500.

### ATAC-Seq NB-69 and NGP cell lines via Active Motif {#Sec17}

Cells were grown as described in Cell Growth and Expansion section of protocol to 70--80% confluence in a 75 mm^2^ tissue culture flasks in 10 mL of media. Following detachment and pelleting, cells were resuspended in 1.0 mL of the appropriate growth media. Cells were triturated into a homogenous single-cell suspension. Using an automated cell counter, the volume for 100,000 cells was determined, and aliquoted into a sterile 1.5 mL eppendorf tube containing 500 μL of sterile 1X PBS. Cells were then centrifuged at 500 × *g* for 5 minutes at 4 °C. The supernatant was carefully aspirated off, and the cells were resuspended in 500 μL of growth media with 5% DMSO. The sample was transferred to a 1.7 mL microfuge tube on ice. Cells were frozen with a slow cooling to minimize cell lysis. Samples were shipped on dry ice to Active Motif (1914 Palomar Oaks Way, Ste 150, Carlsbad, CA 92008) following the instructions listed at on the Sample Submission Form, downloaded from [www.activemotif.com/sample-submission](http://www.activemotif.com/sample-submission). Samples were prepared and sequenced following Active Motif's ATAC-Seq proprietary protocol. Cells were thawed in a 37 °C water bath, pelleted, washed with cold PBS, and tagmented as previously described^[@CR18]^, with some modifications based on^[@CR19]^. Cell pellets were resuspended in lysis buffer, pelleted, and tagmented using the enzyme buffer provided in the Nextera Library Prep Kit (Illumina). Tagmented DNA was then purified using the MinElute PCR purification kit (Qiagen), amplified with 10 cycles of PCR, and purified using Agencourt AMPure SPRI beads (Beckman Coulter). The resulting material was quantified using the KAPA Library Quantification Kit for Illumina platforms (KAPA Biosystems) and sequenced with PE42 sequencing on the NextSeq. 500 sequencer (Illumina).

ChIP-Seq data analysis {#Sec18}
----------------------

FASTQ quality was assessed using FastQC v0.11.4 (<http://www.bioinformatics.babraham.ac.uk/projects/fastqc/>[)]{.ul} and sequences were adapter- and quality-trimmed using default parameters for Trim Galore v.0.4.0 and CutAdapt v.1.12^[@CR20],[@CR21]^. MultiQC v1.4 was used to aggregate FastQC results across all samples, with the report available on Figshare^[@CR22]^. Since multiple sequencers were used, FASTQ phred sequencing scores^[@CR23]^ were calculated using a perl script (<https://raw.githubusercontent.com/douglasgscofield/bioinfo/master/scripts/phredDetector.pl>). This value was used as input into the alignment algorithm. The bwa v.0.7.12 samse^[@CR24]^ was used to align the reads to hg19 reference genome and Picard tools v.2.17.9-SNAPSHOT^[@CR25]^ was used to remove duplicates. Fragment sizes were estimated using MaSC 1.2.1^[@CR26]^ and these values were used as input into the --extsize argument of MACS2 v.2.1.1^[@CR27]^ for narrow peak calling (transcription factors) or broad peak calling (histone marks). Broad peaks were called significant using a q-value (minimum False Discovery Rate) cut off of 0.10 and narrow peaks at a q-value cutoff of 0.05. Results were returned in units of signal per million reads to get normalized peak values. Repetitive centromeric, telomeric and satellite regions known to have low sequencing confidence were removed using blacklisted regions defined by the ENCODE project: <http://mitra.stanford.edu/kundaje/akundaje/release/blacklists/hg19-human/wgEncodeHg19ConsensusSignalArtifactRegions.bed.gz>. The resulting filtered peakfiles were used as input into Homer v4.10.4 for gene annotation and motif analysis.

ATAC-Seq data analysis {#Sec19}
----------------------

Samples were quality-controlled and trimmed as described in Chip-Seq Analysis. FASTQ files were aligned using bwa aln for BGI samples (100 bp reads) and bwa mem for Active Motif samples (42 bp reads). Reads with mapping quality \<10 were discarded. Biological duplicate BAMs were merged using Picard v.2.17.9-SNAPSHOT. Broad peaks were called using --extsize 200, --shift 100, --nomodel. Results were returned in units of signal per million reads to get normalized peak values. Finally, repetitive centromeric, telomeric and satellite regions known to have low sequencing confidence were removed using merged blacklisted regions defined by the ENCODE project: <http://mitra.stanford.edu/kundaje/akundaje/release/blacklists/hg19-human/wgEncodeHg19ConsensusSignalArtifactRegions.bed.gz>.

ChIP-Seq quality control metrics {#Sec20}
--------------------------------

We investigated three metrics to assess ChIP-seq quality. To calculate enrichment of reads within peaks we determined the FRiP score using deeptools2^[@CR28]^. The FRiP score is defined as the fraction of reads that fall within a peak divided by the total number of reads. To measure read enrichment independent of peak calling we calculated the NSC (normalized strand cross-correlation) and the RSC (relative strand cross-correlation) using phantompeakqualtools^[@CR29],[@CR30]^ as part of the ENCODE ChIP-seq processing pipeline. All ChIP-Seq data passed quality control and results are reported in Online Table [3](#Tab5){ref-type="table"}.

ATAC-Seq quality control metrics {#Sec21}
--------------------------------

To compare reproducibility between ATAC-seq [biological]{.ul} replicates we performed irreproducible discovery rate (IDR) analysis using scripts downloaded from <https://github.com/nboley/idr>. Peaks passing the suggested threshold (IDR \< = 0.05%) between two replicates were kept. The ratio between the number of peaks between true replicates (Nt) and pooled pseudoreplicates (Np) was calculated. In accordance with ENCODE guidelines, we confirmed that at least 50% of true replicate IDR analysis based peaks (Nt) were identified in the IDR comparison of pseuduoreplicates (Np): Np/Nt \< 2. A similar analysis was done with self-pseudoreplicates (N1 and N2). We confirmed that the ratio between Np/Nt or N1/N2 was \<2. All ATAC-seq data passed IDR results and are reported in Online Table [4](#Tab6){ref-type="table"}. Peakfiles resulting from IDR analysis are available from FigShare^[@CR31]^.

Super-enhancer calling and comparison {#Sec22}
-------------------------------------

Super-enhancers (SEs) were called from H3K27Ac BAM files using the default parameters of LILY (<https://github.com/BoevaLab/LILY>), which includes correction for copy number variation inherently present in cancer samples. Enhancers were classified into SEs, enhancers, and promoters and annotated using Homer v4.10.4. Scripts to run LILY can be found on Github (<https://github.com/marislab/epigenomics-data-descriptor>). SEs were also called from H3K27Ac MACS2 peaks using ROSE v.0.1 (<https://bitbucket.org/young_computation/rose/src/master/>) using default parameters and annotated using Homer v4.10.4. SEs which overlapped with the MYCN locus (hg19, chr2:16080683-16087129) were removed from the analysis. SE genes which we annotated as transcription factors^[@CR32]^ were used for comparison to two literature studies^[@CR33],[@CR34]^.

Heatmap preparation {#Sec23}
-------------------

The 5,000 most significant (sorted by highest -log~10~(p-value) and -log~10~(q-value)) MYCN peaks for each of the five MYCN amplified cell line were intersected using bedtools. Heatmaps were generated for regions +/−4 kb from the transcription start site (TSS) for the 5,046 peaks common to at least four MYCN amplified cell lines. Heatmaps were created for LA-N-5 and NB-69 at loci annotated as enhancers, SEs, and promoters-TSS by LILY. All ChIP-seq heatmaps were created using deepTools 3.2.0 package plotHeatmap tool^[@CR28]^. The code and parameters used to generate heatmaps can be found on GitHub (<https://github.com/marislab/epigenomics-data-descriptor>).

Cell line authentication {#Sec24}
------------------------

All cell lines were STR-authenticated by Guardian Forensic Sciences (Abington, PA) using the GenePrint 24 (Promega, \#B1870).

Data Records {#Sec25}
============

Raw, concatenated FASTQ files were deposited in Sequence Read Archive under the SRA study accessions SRP223941^[@CR35]^, SRP223977^[@CR36]^, and SRP223942^[@CR37]^. Processed BIGWIG files for all sequencing data were deposited into the Gene Expression Omnibus (GEO) under SuperSeries Accession Number GSE138315^[@CR38]^. MYCN and MYC ChIP-Seq data for the Kelly and NGP cell lines were deposited into GEO under Accession Number GSE94782^[@CR39]^, all other MYCN and MYC ChIP-Seq were deposited under Accession Number GSE138295^[@CR40]^, histone ChIP-Seq data were deposited under Accession Number GSE138314^[@CR41]^, and ATAC-Seq data were deposited under Accession Number GSE138293^[@CR42]^. Homer motif analysis and motif files are available on FigShare^[@CR22],[@CR31],[@CR43]^.

Technical Validation {#Sec26}
====================

Prior to selecting cell lines for MYCN and MYC profiling, we assessed RNA expression (Fig. [2a,b](#Fig2){ref-type="fig"}) and protein expression (Fig. [2c,d](#Fig2){ref-type="fig"}) across a subset of neuroblastoma cell lines. NB-LS, while *MYCN* non-amplified, has substantial MYCN RNA and protein expression^[@CR44]^, but was not chosen, as we restricted MYCN ChIP-Seq to *MYCN* amplified cell lines plus one negative control. SK-N-BE(2)-C, a *MYCN* amplified cell line, showed high *MYCN* mRNA expression, but surprisingly low protein expression, and thus was excluded. The remaining cell lines had concordant *MYCN* and *MYC* mRNA and protein expression, thus, COG-N-415, KELLY, NB-1643, LA-N-5, and NGP were chosen for MYCN ChIP-Seq while NB-69, SK-N-AS, and SK-N-SH were chosen for MYC ChIP-Seq. As additional controls, we performed MYCN ChIP-Seq in the *MYCN* non-amplified line NB-69, and MYC ChIP-Seq on the *MYCN* amplified cell line KELLY. To validate the MYCN and MYC ChIP-Seq antibodies, we first intersected loci bound by MYCN in two or more cell lines and of the 157 MYCN transcriptional targets previously reported using ChIP-on-ChIP^[@CR45]^, found 139 loci occupied by the MYCN via ChIP-Seq (Fig. [2e](#Fig2){ref-type="fig"}). Next, we integrated the top 5,000 MYCN peaks from each *MYCN* amplified cell line. We generated heatmaps for the peaks (1,335) which overlapped in all five cell lines (as defined in ***Heatmap Preparation***) and depict occupancy of MYCN (Fig. [2f](#Fig2){ref-type="fig"}) and MYC (Fig. [2g](#Fig2){ref-type="fig"}) at these sites. As expected, the MYCN amplified cell lines COG-N-415, KELLY, NB-1643, LA-N-5, and NGP show similar binding profiles, while the negative control MYCN non-amplified line NB-69 depicted an absence of binding for MYCN at the same loci. Importantly, Homer motif analysis of the 34,906 target sequences bound by MYC in NB-69 were significantly enriched (Benjamini q-value \< 0.001) for the canonical CACGTG e-box motif, while this motif was absent from the 112 target sequences found in the NB-69 MYCN ChIP-Seq sample. We observed MYC bound to the same loci in the MYCN non-amplified cell lines, SK-N-AS, SK-N-SH, and NB-69 as well as the *MYCN* amplified and low MYC-expressing line KELLY (Fig. [2g](#Fig2){ref-type="fig"}), and observed shared CACGTG motif binding for both MYCN and MYC in KELLY, supporting the notion of redundant functionality of MYC family protein members. To further validate both the specificity and functional redundancy of the MYCN and MYC ChIP-Seq, we assessed MYCN and MYC binding to transcriptional targets of an 18-gene MYC family (MYCN/MYC/MYCL1) activity signature^[@CR46]^ in KELLY (MYCN and MYC) and SKNBE(2)C (MYCN) cell lines alongside six non-MYC family core regulatory TFs (*ASCL1, GATA3, HAND2, ISL1, PHOX2B, TBX2*) from publicly-available ChIP-Seq data (*ASCL1:* GEO accession number GSE120074 and *GATA3, HAND2, ISL1, PHOX2B, TBX2:* GEO accession number GSE94824) reprocessed with our pipeline (see Methods). Supplemental Fig. [2](#MOESM1){ref-type="media"} shows the binding patterns for four of the 18 genes: *APEX1, NME1, ENO1*, and *ODC1*. *APEX1, NME1*, and *ENO1* are not bound by the six non-MYC family core regulatory TFs (*ASCL1, GATA3, HAND2, ISL1, PHOX2B, TBX2*), while *ASCL1* shows binding at *ODC1* because it recognizes the e-box motif, CANNTG. Altogether, these data demonstrate specificity of MYCN and MYC antibodies and functional redundancy of MYCN and MYC proteins.Fig. 2Comparison of MYCN and MYC binding based on MYCN amplification status. The log~2~ FPKM mRNA expression of *MYCN* (**a**) and *MYC* (**b**) in all neuroblastoma cell lines assayed herein. Protein expression for MYCN (**C**) and MYC (**d**) in a subset of cell lines. (**e**) Comparison of unique MYCN peaks called in at least two of the MYCN ChIP-Seq samples (blue) to known MYCN regulated genes (gray)^[@CR45]^ demonstrates concordance of MYCN ChIP-Seq to MYCN ChIP-ChIP. (**f**) The top 1,335 MYCN peaks (p \< 0.05, q \< 0.05) are plotted as ChIP-Seq heatmaps for five MYCN amplified cell lines (COG-N-415, Kelly, NB-1643, LAN-5, and NGP) and one MYCN non-amplified cell line (NB-69). All heat map densities ranges from +/−4.0 Kb from the TSS, with average signal plots shown above. (**g**) MYC ChIP-Seq heat maps for the same peaks in two MYCN non-amplified lines (SK-N-AS, and NB-69) and one MYCN amplified cell line (Kelly) showing redundant binding of MYC in non-amplified cell lines.

Next, we evaluated genome-wide binding densities of the histone antibodies and assessed open chromatin by plotting binding of one *MYCN* amplified cell line LA-N-5 (Fig. [3a](#Fig3){ref-type="fig"}), and one *MYCN* non-amplified cell line NB-69 (Fig. [3b](#Fig3){ref-type="fig"}). Of note, cell-line specific promoters are located in regions of open chromatin and strongly occupied by narrow regions of H3K4me3 and devoid of H3K27me3 and H3K4me1, as expected. The majority of promoters are also occupied by MYCN in LA-N-5 and MYC in NB-69. Enhancers have bivalent marking of MYCN, H3K4me3, H3K27Ac, open chromatin, and absence of H3K27me3. SEs are broadly marked by MYCN, H3K4me3, H3K27Ac, H3K4me1, and open chromatin.Fig. 3Validation of ChIP-Seq promoter, enhancer, and open chromatin occupancy. Binding densities of MYCN, MYC, histone antibodies, and open chromatin for promoter regions of the MYCN-amplified cell line LA-N-5 (**a**) and the MYCN non-amplified cell line NB-69 (**b**) are depicted (+/−4.0 Kb from gene TSS) and distinct profiles are shown for promoters (+/−4.0 Kb from gene TSS), enhancers (+/−10.0 Kb from gene TSS), and SEs (+/−10.0 Kb from gene TSS). For LA-N-5: N~promoters-TSS~ = 4,662, N~enhancers~ = 25,601, N~SE~ = 826, and for NB-69: N~promoters-TSS~ = 4,718, N~enhancers~ = 31,769, N~SE~ = 667.

Finally, we used our H3K27Ac ChIP-Seq data to compare SE prediction of cell line lineage in our dataset compared to those reported in two other publications describing the SE landscape in neuroblastoma (Fig. [4](#Fig4){ref-type="fig"} and Supplemental Fig. [1](#MOESM1){ref-type="media"}). Boeva and colleagues identified 4,791 SE-associated genes in Table [S3](#MOESM1){ref-type="media"} to identify core regulatory transcriptional circuitry in neuroblastoma using 25 cell lines^[@CR33]^. Four cell lines were common to our study: SK-N-BE(2)C, SK-N-FI, SK-N-AS, and NB-69. Therefore, to validate our H3K27Ac ChIP-Seq, we utilized the same algorithm (LILY, see Methods) to call SEs from our H3K27Ac data, and restricted comparison analyses to genes defined as transcription factors (TFs), as defined by core regulatory circuitry^[@CR32]^. We annotated 396 of the SEs reported by Boeva and colleagues as transcription factors and found 59--85% concordance of our TF SE calls (Supplemental Fig. [1](#MOESM1){ref-type="media"}). While a majority of SEs called in each of our cell lines was concordant with Boeva and colleagues, the high variance in total number of SEs called likely stems from the diversity of cell lines in both studies, as well as pipeline processing and filtering parameters. We were unable to directly compare methods without their code and raw data readily available. Thus, we additionally compared our TF SE calls to those from an independent neuroblastoma study^[@CR34]^ which used the ROSE algorithm (see Methods) and reported smaller SE genesets (Online Table [5](#Tab7){ref-type="table"}) driving the lineage-specific mesenchymal (MES, N = 20 TFs) and adrenergic (ARDN, N = 18 TFs) subtypes. To mimic the analysis performed by van Gronigen and colleagues, we ran ROSE on our H3K27Ac ChIP-Seq data and removed any peaks which overlapped the *MYCN* locus (see Methods) to account for false SE calls due to *MYCN* amplification. There were no common neuroblastoma cell lines between van Gronigen and colleagues study and the lines used in our study. We assessed the number of MES or ADRN SE-associated TFs detected in each of our study and found between five and eight ADRN SEs were detected using ROSE (Fig. [4a](#Fig4){ref-type="fig"}) and between five and 11 ADRN SEs were detected using LILY (Fig. [4b](#Fig4){ref-type="fig"}). SK-N-SH has a known MES subtype; its subclone, SH-SY-5Y, was profiled as MES by van Gronigen and colleagues. Combining the calls, we were able to significantly (Fisher's exact test, p \< 0.05) validate ADRN subtypes in eight of the ten cell lines we profiled (Fig. [4c](#Fig4){ref-type="fig"}). Interestingly, SK-N-AS contains SEs from both subtypes and thus may reflect a heterogeneous cell line. Specific SEs are reported per algorithm per cell line in Online Table [5](#Tab7){ref-type="table"}. As further validation, we re-analyzed publicly-available SK-N-SH H3K27Ac (Biosample SAMN05733860, Run SRR5338927) and SK-N-SH Input (Biosample SAMN05733844, Run SRR5471111) ChIP-Seq data (GEO accession GSM2534162) using the same peak-calling and SE pipelines used on our data (see Methods). We observed enhancer binding (H3K27Ac) and open chromatin (ATAC) at the same loci we observe strong MYC occupancy (Supplemental Fig. [1A](#MOESM1){ref-type="media"}). Further, we assessed concordance of SEs called in SK-N-SH with those previously reported and found 76% of TF SEs called in SK-N-SH in common with those from Boeva, et. al, similar to our findings.Fig. 4Super-enhancer calls correctly determine neuroblastoma cell line lineage (**a**) Total number of lineage-specific SEs called from ROSE and (**b**) LILY per cell line (ADRN = adrenergic, MES = mesenchymal subtype). (**c**) Total number of lineage-specific SEs called when combining ROSE and LILY results. One-tailed fisher's exact test p-values are listed (\*denotes significance at an α level of 0.05).

Together, we have validated both MYCN and MYC ChIP-Seq antibodies for use in ChIP-Seq, as well as genome-wide occupancy profiles for histone markers and open chromatin across a cohort of neuroblastoma cell lines. We ran two algorithms (LILY and ROSE) and compared our data to two independent datasets to validate reproducibility of lineage-specific SEs in neuroblastoma cell lines. Finally, we demonstrate integration of publicly-available H3K27Ac data from SK-N-SH with our MYC ChIP-Seq and ATAC-Seq data, and show reproducibility of SE calls between the publicly-available data and two independent reports. These data should be a valuable resource to the childhood cancer and MYC research communities.

Usage Notes {#Sec27}
===========

Here, we provide raw FASTQ and bigwigs for a comprehensive, validated ChIP-Seq (MYCN, MYC, H3K27Ac, H3K27me3, H3K4me3, and H3K4me1) and ATAC-Seq neuroblastoma cell line dataset which can be coupled with our previous RNA-Seq profiling dataset^[@CR16]^ to interrogate novel transcriptional regulation in this disease. For example, the H3K27me3 ChIP-Seq can be used to identify genes being repressed via the PRC2 complex, while H3K27Ac and H3K4me1 ChIP-Seq can be used to interrogate promoter-enhancer mechanisms. CSI-ANN can be used to integrate histone ChIP-Seq data to predict regulatory DNA segments^[@CR47]^, and IM-PET can use the results from CSI-ANN to predict enhancer-promoter interactions without the need for Hi-C data^[@CR13]^. Additionally, chromatin states can be inferred^[@CR48],[@CR49]^, and these data can be later integrated with whole exome or genome sequencing data or genome-wide association studies to identify molecular alterations driving transcriptional regulatory marked by histone marks or open chromatin.

All data are openly-available from GEO as described in the Data Records section.

Supplementary information {#Sec29}
-------------------------

Supplemental Figures 1 and 2

Online-only Tables {#Sec28}
==================

Online Table 1Neuroblastoma cell lines profiled in this study.Histone ChIP-SeqTranscription FactorOtherCell LineMYCN StatusH3K27AcH3K27me3H3K4me1H3K4me3MYCNMYCATACSequencing FacilitySequencerRead LengthPE or SESequencing FacilitySequencerRead LengthPE or SESequencing FacilitySequencerRead LengthPE or SESequencing FacilitySequencerRead LengthPE or SESequencing FacilitySequencerRead LengthPE or SESequencing FacilitySequencerRead LengthPE or SESequencing FacilitySequencerRead LengthPE or SECOG-N-415ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANACHOPHiSeq. 2500100 bpPECOG-N-440ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANANANANANACHOPHiSeq. 2500100 bpPECOG-N-453non-ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANANANANANACHOPHiSeq. 2500100 bpPEKELLYampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSECHOPMiSeq50 bpSEJeffersonNextSeq. 50075 bpSECHOPHiSeq. 2500100 bpPELA-N-5ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANACHOPHiSeq. 2500100 bpPENB-1ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANANANANANACHOPHiSeq. 2500100 bpPENB-1643ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANACHOPHiSeq. 2500100 bpPENB-69non-ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEActive MotifNextSeq. 50042 bpPENB-LSnon-ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANANANANANACHOPHiSeq. 2500100 bpPENGPampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANAActive MotifNextSeq. 50042 bpPESK-N-ASnon-ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANAJeffersonNextSeq. 50075 bpSECHOPHiSeq. 2500100 bpPESK-N-BE(2)-CampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANACHOPHiSeq. 2500100 bpPESK-N-FInon-ampJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSEJeffersonNextSeq. 50075 bpSENANANANANANANANACHOPHiSeq. 2500100 bpPESK-N-SHnon-amp\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*\*External data available from ENCODE.Identification of which cell lines were used to perform ChIP-Seq and ATAC-Seq, along with their MYCN amplification status.

Online Table 2Materials and reagents used in this study.Protocol SectionReagentsManufactureIdentifierVolume/ConcentrationCell Growth and ExpansionRPMI 1640 (with 25 mM HEPES)Thermo Fisher Scientific22400089Iscove's IMDMThermo Fisher Scientific12440053L-glutamineThermo Fisher Scientific250300812 mMHyclone Fetal Bovine Serum (FBS)Fisher ScientificSH3007.1310% (RMPI)20% (IMDM)Antibiotic/antimycoticThermo Fisher Scientific152400621.0%Insulin/Transferrin/Selenium (ITS)Corning Life Science3543510.1% (IMDM)ImmunobltoingCell Lysis Buffer (1 mL)Cell Lysis BufferCell Signaling9803100 μLPMSFCell Signaling8553S20 μl (100 mM)Phosphatase Inhibitor Cocktail 2Sigma AldrichP572610 μLPhosphatase Inhibitor Cocktail 3Sigma AldrichP004410 μLPBSGibco14190-136860 μL4X Laemmli Sample BufferBioRad1610747Pierce BCA Protein Assay KitThermo Scientific232254--15% Criterion TGX Precast Midi Protein GelBioRad5671085N-MYCCell Signaling9405 S1:1000MYCCell Signaling56051:800B-ActinCell Signaling4976 S1:5000Rabbit SecondaryMilliporeAP132P1:2000-1:5000ChIP-SeqFormaldehyde Solution37% FormaldehydeSigma AldrichF877511%5.0 M NaClSigma AldrichS51500.1 M0.5 EDTA (pH 8.0)Invitrogen15575-0381 mM1.0 M HEPES (pH 7.9)Gibco15630-08050 mMNuclease-free H2OAmbionAM9937Glycine SolutionGlycine (mw 75)Sigma AldrichG74032.5 MNuclease-free H2OAmbionAM9937Other Cell Fixation Reagents:PMSFCell Signaling8553 S100 mMAntibodiesN-MycActive Motif\#611856 μLc-MycSanta Cruz N262\#sc-76420 μlH3K4me1Active Motif\#392975 μlH3K4me3Active Motif\#391593 μlH3K27AcActive Motif\#391334 μgHeK27me3Millipore\#07-4494 μgH3K4me1Active Motif\#392975 μlFA Lysis Buffer1.0 M HEPES (pH 7.5)Gibco15630-08050 mMNaClSigmaS5150140 mMEDTA (pH 8.0)Invitrogen15575-0381 mMTriton-X-100Sigma9002-93-10.10%SDSInvitrogen15553-0350.10%Sodium deoxycholateVWR97062-0280.10%Protease InhibitorsThermo Scientific88666DTTFisherCAS 3483-12-31 mMChIP Wash BufferTris-HCl (pH 8.0)Invitrogen15568-02520 mMNaClSigmaS5150150 mMEDTA (pH 8.0)Invitrogen15575-0382 mMTriton-X-100Sigma9002-93-11.00%SDSInvitrogen15553-0350.10%Sodium deoxycholateVWR97062-0280.10%Final Wash BufferTris-HCl (pH 8.0)Invitrogen15568-02520 mMNaClSigmaS5150500 mMEDTA (pH 8.0)Invitrogen15575-0382 mMTriton-X-100Sigma9002-93-11.00%SDSInvitrogen15553-0350.10%Tris-HCl (pH 8.0)Invitrogen15568-02520 mMOther ChIP-Seq ReagentsNEB Ultra KitNew England BiosciencesE7370SProtein A/G BeadsThermo Scientific26162ATAC-SeqATAC-Seq Lysis BufferTris-HCl (pH 7.4)Invitrogen1556702710 mMNaClSigmaS515010 mMMgCl~2~Fisher7791-18-63 mMlgepal CA-630, molecular biology gradeSigmaI88960.10%Other ATAC-Seq Reagents1X Phosphate Buffered Saline (PBS)Gibco14190-13610 mMTDBIlluminaFC-121-1030 (2X reaction buffer from Nextera Kit)2XTDE1IlluminaFC-121-30 (Nextera Tn5 Transposase from Nextera Kit)Nuclease-free H~2~OAmbionAM9937NEBNext High-Fidelity 2X PCR Master MixNEBM054110,000X SYBR GreenInvitrogenS-75639XMinElute PCR Purification KitQiagen28104AMPure XP BeadsBeckman CoulterA63880SPRI BeadsBeckman CoulterB23317Information regarding the resources used for obtaining the ChIP-Seq and ATAC-Seq data. This includes manufacture, item number or identification code, and the volume or concentration used.

Online Table 3ChIP-Seq Quality Control Metrics.ChIP-seq samplesTotal number of mapped readsNSCRSCQuality TagFRiPCOGN415-H3K27Ac471768951.1984221.27275710.474845COGN415-H3K27me3365362361.0715341.15863210.49757COGN415-H3K4me1469165561.074411.23469110.495989COGN415-H3K4me3351089771.7371721.16527310.665681KELLY-H3K27Ac403960651.1498611.25187210.535178KELLY-H3K27me3407960471.0612080.92844600.527917KELLY-H3K4me1402452441.0983211.20442210.6152KELLY-H3K4me3394661191.5913991.19016310.654777LAN5-H3K27Ac438851471.2032361.2025510.519087LAN5-H3K27me3345434941.0752390.9777500.497408LAN5-H3K4me1561642511.0778621.1554210.529717LAN5-H3K4me3318588991.7646511.17689710.619316NB1643-H3K27Ac417422171.2965351.20070710.52952NB1643-H3K27me3230056541.0396130.59551300.360867NB1643-H3K4me1508970161.1220991.18303410.567832NB1643-H3K4me3376345011.5326911.20590110.568343NB69-H3K27Ac539008031.1671531.18605610.38709NB69-H3K27me3344091931.1070750.98023300.322941NB69-H3K4me1423358481.1232241.15993310.568245NB69-H3K4me3278503172.2501381.15077510.707439NBLS-H3K27Ac508901461.1791721.21506610.505567NBLS-H3K27me3350152081.093641.03018210.489031NBLS-H3K4me1462367491.102921.16913510.570663NBLS-H3K4me3502350821.5538311.10100510.559603NGP-H3K27Ac383130361.3617271.19895910.568805NGP-H3K27me3374725451.0776461.05779910.536769NGP-H3K4me1481802271.1030561.18652610.565611NGP-H3K4me3367764881.5600651.19063910.604321SKNAS-H3K27Ac445886591.1938141.18569410.51158SKNAS-H3K27me3352942691.0973131.05403710.509914SKNAS-H3K4me1447511991.0801691.21705110.529041SKNAS-H3K4me3372050511.598641.15210810.552572SKNBE2C-H3K27Ac418430001.3214131.25042610.519484SKNBE2C-H3K27me3381282231.052711.08853310.372794SKNBE2C-H3K4me1404973851.0854631.21996210.43465SKNBE2C-H3K4me3355663341.6243851.19234910.555207SKNFI-H3K27Ac295967901.2566251.2464910.51058SKNFI-H3K27me3432862961.0505680.96463600.404905SKNFI-H3K4me1474443551.0871861.18915310.431344SKNFI-H3K4me3336822201.8921651.17654110.596417SKNSH-H3K27Ac14836961.7845651.83171720.298579COGN415-NMYC-20171205294612531.1475481.31760210.335752KELLY-CMYC-20171205196389041.0922331.28662110.112855KELLY-MYCN-20150914220827141.5044261.18674810.439206LAN5-NMYC-20171205293646831.2424741.27392610.460691NB1643-NMYC-20171205226946401.2386671.32925110.440359NB69-CMYC-20171205285288191.1173981.23385910.13737NB69-NMYC-20171205186475271.0499360.85235200.007798SKNAS-CMYC-20171205275364901.1793481.25041810.183257SKNSH-CMYC-2017120587730231.3317051.1980110.157383Total number of reads, FRiP score, RSC, and NSC per sample.

Online Table 4ATAC-seq IDR Analysis.SamplesIDR (Nt)\# Total PeaksIDR (Np)\# Total Pseudo Rep Pool PeaksNp/Nt (\<2)N1Rep1_Self_Pseudo PeaksN2Rep2_Self_Pseudo PeaksN1/N2 (\<2)COGN41527051557643167766503.0001.17101031414704350641393131330.0001.055487761COGN440721822089893226076.0001.23746190119069986482417022.0000.395107794COGN45326805498323105356091.0001.1584778961945539812963025545.0002.020249221KELLY10648259711290728929.0001.212152517720919757468914466.0001.537428023LAN530751602434658379014.0001.51484504614936386323416456074.0000.437185341NB164325220497152760055257.0001.0943695489974278191495537296.0000.666934136NB125180431242871147781.0001.14023034214999294161430128969.0001.048807776NB6946014820615183885805.0001.12657017432369582674336386770.0000.746465881NBLS17371351101922139658.0001.1064993381064427571499517682.0002.130930931NGP44934736464529674607.0001.0080562629873581652752951986.0001.085146573SKNAS15621355181727037810.0001.105563024800324257629021135.0001.272337043SKNBE2C339513236408815254.0001.2041237111105595716406912.0000.673780488SKNFI57416777825985681540.0001.04249686540617592693823958950.0001.062187819SKNSH32737528603658458216.0001.11751229521463396501973038074.0001.087835783IDR calculations and ratios between true replicates (Nt), pooled pseudoreplicates (Np), self-pseudoreplicates 1 (N1), and self-pseudoreplicates 2 (N2).

Online Table 5Super-enhancer-associated transcription factor comparisons.ADRN SECell Lines using ROSECell Lines using LILYCell Lines using BothASCL1COG-N-415, SK-N-FICOG-N-415, LA-N-5, NB-1643, SK-N-BE(2)C, SK-N-FICOG-N-415, LA-N-5, NB-1643, SK-N-BE(2)C, SK-N-FIDACH1SK-N-AS, SK-N-FISK-N-AS, SK-N-FIEYA1GATA2GATA3COG-N-415, KELLY, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FI, SK-N-SHCOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FIHAND1COG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FIHEY1ISL1SK-N-FISK-N-FIKLF13COG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FIKLF7NB-69, SK-N-AS, SK-N-BE(2)CCOG-N-415, LA-N-5, NB-69, NB-1643, NGP, SK-N-AS, SK-N-BE(2)CCOG-N-415, LA-N-5, NB-69, NB-1643, NGP, SK-N-AS, SK-N-BE(2)CPBX3SK-N-FISK-N-FIPHOX2ACOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, SK-N-BE(2)C, SK-N-FI, SK-N-SHCOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-BE(2)C, SK-N-FIPHOX2BCOG-N-415, KELLY, LA-N-5, NB-LS, SK-N-AS, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-1643, NB-LS, NGP, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, NGP, SK-N-AS, SK-N-BE(2)C, SK-N-FISATB1COG-N-415, LA-N-5COG-N-415, LA-N-5SIX3NGP, SK-N-BE(2)CNGP, SK-N-BE(2)CSOX11NGPLA-N-5LA-N-5, NGPTFAP2BCOG-N-415, KELLY, LA-N-5, NB-69, NB-LS, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, SK-N-BE(2)C, SK-N-FICOG-N-415, KELLY, LA-N-5, NB-69, NB-1643, NB-LS, SK-N-BE(2)C, SK-N-FIZNF536LA-N-5, NB-69, NB-1643, NGPLA-N-5, NB-69, NB-1643, NGPLA-N-5, NB-69, NB-1643, NGP**MES SECell Lines using ROSECell Lines using LILYCell Lines using Both**AEBP1SK-N-SHSK-N-SHCBFBCREG1DCAF6EGR3ELK4ID1IFI16MAML2MEOX1MEOX2NOTCH2PRRX1SK-N-SHSK-N-SHSK-N-SHSIX1SK-N-SHSK-N-SHSK-N-SHSIX4SMAD3LA-N-5, SK-N-AS, SK-N-SHLA-N-5, SK-N-AS, SK-N-SHLA-N-5, SK-N-AS, SK-N-SHSOX9WWTR1ZFP36L1ZNF217KELLY, SK-N-AS, SK-N-FI, SK-N-SHKELLY, SK-N-AS, SK-N-FI, SK-N-SHAdrenergic and mesenchymal lineage-specific SEs defined by Gronigen, et. al. and the neuroblastoma cell lines listed per gene in which SEs were called.
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